A simple, rapid, low cost and accurate determination using flow injection spectrophotometry with a home made flow cell detector, in combination with green LED and photodiode, had been developed for nitrite based on the Griess-Saltzman reaction, measuring the absorbance at 525 nm. The proposed system is able to monitor nitrite in freshwater samples at a throughput of 60 samples per hour with a relative standard deviation (%RSD) of less than 2.4% and a detection limit of <7 µg dm -3 . The calibration graph was linear between 0.010 -1.0 mg dm -3 .
Introduction
Nitrite is a common toxic pollutant in the Environment. Nitrite and nitrate are chemical species in waters that need monitoring, due to their known toxicity to animal and human metabolism. When nitrite is present in water, it can react with secondary amines to form carcinogenic N-nitrosoamines which are harmful to human health. Traces of nitrite in drinking water may lead to methemoglobinalmia in infants, and with long term exposure is a possible cancer risk. 1 Nitrite combines with myoglobin to form nitrosohemoglobin, which is responsible for the characteristic red color in meat production and sometimes used as a meat preservative. 2, 3 It is a component of salt mixtures known as pickles, used for curing bacon and ham in the food industry. Nitrite and nitrate are intimately involved in the over all nitrogen cycle in soil and plants. Nitrite and nitrate levels in our natural waters are important indicators of water quality. Nitrite is an active form of nitrogen cycle, resulting from incomplete oxidation of ammonium ions or reduction of nitrate in the environment by denitrification bacteria. Therefore, to develop a sensitive reliable and cost effective analytical methodology for the determination of nitrite ion at ng and µg levels is extremely important in environmental studies.
There are a number of analytical methodologies applicable to nitrite quantification, based upon either spectrophotometric or chromatographic and electrophoretic techniques. 4 Based upon the former, flow injection analysis (FIA) methods have been developed. [5] [6] [7] [8] The majority of FIA methods based upon spectrophotometric detection involve the well known reaction between nitrite under acid conditions with an aromatic primary amine. [9] [10] [11] [12] [13] [14] [15] This resulting diazotization coupling reaction produces a highly absorbing azo-dye.
Better detection limits are obtained by on-line preconcentration of the dye onto a suitable adsorbant such as the sodium dodecyl sulfate coated alumina column, polyurethane foam etc. [16] [17] [18] [19] Recently, home made flow cells for FIA, which can measure the analytes on-site, have been developed by several researchers. [20] [21] [22] Particularly, in the case of active species such as nitrite, it is desirable to develop portable instruments in order to elucidate the mechanisms and behaviors of active species in the environment.
The present method describes a selective, sensitive, rapid and cost effective flow injection analysis with spectrophotometry for the determination of nitrite using a home made flow cell detector in combination with a light emitting diode (LED) and photodiode (PD).
Experimental

Apparatus
The schematic diagram of the flow injection manifold used is shown in Fig. 1a . The flow injection manifold is composed of two peristaltic pumps P1 and P2 channeled with Tygone tubings to stream the carrier and the reagent solutions, a sixport valve for sampling, a reaction coil and a detector. The manifold was built with polytetrafluoroethylene (PTFE) tubing of 0.5 mm i.d. The sample solution was injected via the sixport valve with a 200 µl loop into the carrier stream and merged with a reagent stream and flowed through the detector. The schematic diagram of flow system is shown in Fig. 1a . The analog and digital outputs of the transmittance were collected using a 32-bitDaswizard PC card installed into a Celerone Laptop computer, in which the raw data of transmittance were converted into absorbance using an excel software.
Flow cell detector
The flow cell absorbance detector is shown schematically in Fig. 1b . Flow cell path was made on a 10 mm thick black rubber block (45 × 30 × 10 mm) by drilling a 1 mm diameter hole. A black rubber sheet (45 × 30 × 0.5 mm) was placed on both sides of the rubber block in which a gasket (10 × 1 mm) was made in order to guide the liquid to flow through the flow cell. A piece of acryl plastic transparent sheet (45 × 30 × 2 mm) and a black polyvinyl chloride (PVC) sheet (45 × 30 × 1 mm) were placed on both outsides of the black rubber sheet for avoiding the spilling of liquid. Then it was covered on both sides with another transparent PVC sheet (45 × 30 × 5 mm) in which the LED/PD was held by a push fit method. For liquid inlet/outlet, a hole (1.5 mm diameter) was put at the bottom portion of both sides of the flow cell and the PTFE tubing inserted into the flow cell with the help of 1/4 -28 threaded flangeless tube fittings. These flow cell pieces were held together with the help of 6 screws and nuts as shown in Fig. 1b . A narrow beam green LED (maximum wavelength 525 nm, RS Components, Japan) was used at a constant voltage with current of ∼20 mA and PD (OPT301M Burr-Brown) along with the necessary amplifier. The compact circuit board was made for controlling LED current and detector outputs (span and zero). The detector output was collected on a PC using a DAS wizard data acquisition PC Card.
Reagents
All chemicals used were of analytical reagent grade and deionized doubly distilled water was used throughout for the solution preparation. A stock standard solution of nitrite, 1000 mg dm -3 was prepared by dissolving 0.1500 g of sodium nitrite in 100 ml of water. Working standards solutions were prepared daily by serial dilution of the stock solution. The optimized reagent solution consists of 1.0 g of sulfanilamide, 0.06 g N-(1-naphthyl)ethylenediamine dihydrochloride (NEDA) and 2 ml of conc. hydrochloric acid (Wako) in 200 ml with water.
Operating procedures
A 200 µl aliquot of sample solution containing nitrite was injected via a six port valve into the carrier stream, which flows down stream and merges with a reagent stream. Nitrite was determined spectrophotmetricaly on the basis of the diazotization-coupling reaction with sulfanilamide and N-(1-naphthyl)ethylenediamine dihydrochloride, and the azodye compound produced was measured at 525 nm. This color developing reaction was investigated by using the home made 10 mm flow cell detector comprising a green LED and a PD.
Results and Discussion
System optimization Optimization of flow rate. For all cases, 200 µg dm -3 of standard nitrite solution was used and the flow rates of carrier and reagent were separately optimized. While keeping the reagent flow constant at 0.5 ml min -1 , the carrier flow rate was varied from 0.5 ml min -1 to 2.5 ml min -1 and the absorbance was measured. The results are shown in Fig. 2 , from which the maximum absorbance was obtained at 1.2 ml min -1 . Further, the reagent flow was varied in the range of 0.5 to 2.5 ml min -1 , keeping the carrier flow 1.2 ml min -1 . Figure 2 shows that the maximum absorbance was obtained at 0.9 ml min -1 . Therefore, the carrier flow and the reagent flow were fixed at 1.2 ml min -1 and 0.9 ml min (v/v) conc hydrochloric acid were examined. The maximum analytical signals were 0.5% and 0.03%, respectively as shown in Fig. 3 . Optimization of reaction coil. By keeping the carrier and reagent flows as above, the length of the reaction coil was varied from 15 cm to 320 cm. It was found that the maximum of absorbance was obtained using the 50 cm reaction coil and the absorbance reduced beyond 50 cm.
Therefore, the optimized length of reaction coil was selected to be 50 cm.
Analytical performance
The calibration signals of nitrite with concentrations from 20 to 100 µg dm -3 are shown in Fig. 4 . The data obtained were linear with concentrations and analytical signals. The statistical limit of detection (3σ) was < 7 µg dm -3 for nitrite with a throughput of 60 samples h -1 . The precision of replicate injections (n = 7) was less than 2.4% at 100 µg dm -3 . The linear range of calibration graph for nitrite was in the range from 0.010 to 1.0 mg dm -3 (y = 0.0908x, r 2 = 0.9969).
Interference studies A 500 µg dm -3 nitrite solution containing various amounts of foreign ions was analyzed as described in the procedure. For the determination of nitrite with an error of below 4%, ions such as Na + (NaCl 3%), K + (400 mg dm -3 ), Mg 2+ (500 mg dm - 
Applications in real samples
The proposed procedure was applied to determine nitrite in tap water, river water and seawater. Nitrite in tap water and seawater was not detectable. The recoveries of 25 -100 µg dm -3 of nitrite addition to tap water and seawater were from 97 to 102%. Therefore, there was no interference by foreign ions. The analytical results of nitrite in river waters are shown in Table 1 
